* Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 1 1-287650 

(43)Date of publication of application : 19.10.1999 



1 

(51)lnt.CI. 




G01C 7/06 


T 






E21F 17/00 




t 




G01B 11/16 




(21)Application number : 


10-088801 


(71)Applicant : 


MITSUBISHI HEAVY IND LTD 


(22)Date of filing : 


01.04.1998 


(72) Inventor : 


FUKAE SHINGO 



TSUKANO MASAZUMI 
KAI TOKIO 



Will"'!. 



3MKM 

• ••IS 




WW 



••/A. 



■ r ; v - r?--> 



"A IV 
' M 
IV 



(54) MEASURING DEVICE FOR DEFORMATION OF INTERNAL SPACE OF TUNNEL BY 
USE OF OPTICAL FIBER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a tunnel internal 
space deformation measuring device capable of 
detecting at high sensitivity the amounts of deformation 
of the internal space of a tunnel in x, y, and z directions. 
SOLUTION: This measuring device measures the 
amounts of deformation of the internal space of a tunnel 
according to the strain of an optical fiber due to 
extension and comprises a looped optical fiber 21 
comprising an optical fiber 9 wound by a predetermined 
number of turns for each unit loop section length 1 , a 
strain distribution measuring apparatus 13, and a single 
conductor type optical fiber. The looped optical fiber 21 
has the parts of unit loop section lengths laid along the 
interior wall 1a of the tunnel along the longitudinal 

direction (x direction) of the tunnel and alternating with the parts of unit loop section lengths 
fixed in place in such a way as to make close contact with the interior wall 1a along the cross 
section (z direction) of the tunnel while keeping intervals of unit loop section lengths in the 
longitudinal direction of the tunnel, and the end of the looped optical fiber 21 is connected to 
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the strain distribution measuring apparatus 13 by the single conductor type optical fiber. 



http://wwwl9.ipdl.ncipi.go.jp/PAl/result/detail/main/wAAAHKayVkDA411287650Pl.ht... 12/28/2005 



Searching P AJ Page 2 of 2 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's 
decision of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://wwl9.ipdlncipi.gojp/PAl/result/detail/main/wAAAHKayV 1287650P1 .ht... 12/28/2005 



Page 1 of 1 



(19)0*0^^ (J P) (12) & [IS 4# ft & $i (A) 



4M¥1 1-287650 



(SDlnta* 

GO 1 C 7/06 

E2 1F 17/00 

GO IB 11/J6 



P I 

G0 1C 7/06 

E2 1F 17/00 

GO IB 11/16 



<22)tmB ^10^U988> 4 g 1 El 



(71)HBJSA 000006208 
<rc)9M* CV JEM 



©4) wawtm &774rt-\z£*h>*)m&m]mm 



(57) tW?J 




http://www4apdlncipi.go jp/Tokujitu/tjconten^ 12/28/2005 



Page 1 of 1 



[0 00 1 ] 

(a) r^T^^'^WiJU-vW^! , J 
■CDft3«C*i^ 0 2 (DFIIr-ti, ni *-n, % n a 

n^nsii^-^zrk^ 1 x 

4 rJfcSS ft £IERa<2g $ & C * * . H 2 GXflr'tt , 

(d> r h>*^rt££ffij 

<B9> ^0.*l4«rl»^ # 

(e> \m&>l-y\Kmm\, H&Z. SWT* J 40 

«^-7iznsii rt*2. 5 maa 

(in -n, N> K-^rtt, 
& 1 # ni ^nj , !U -^n, . 
^2@ n 4 *^ni , Hi ^n, . 



n 



(2) ^¥ 1 1 -287 650 

2 

77^ , W2. 5@£<C<t£^5, 
[ 0 0 0 2 ] 

[ imomi ) mtwm&m 5 -a 9 a 5 it 

r&* 0 

*©?vS>**h?>S'* h3, 4*. «Ul*7-8m 
KbrAVccKBU ^octiW^;l^>S/? 

[ 0 0 0 3 ] C©* 9 ttmtttMk* h ? > 

3. 4^»Mtabrti*R5<Di«8tcttott»fen 

3. 4<^SSg*^*3tl^ 0 
[ 0 0 0 4 ] CC^CC, h 5 > W h 3 , 

4 £ we* r aut^ 2 iasnc <t-^ J: ^r. M££ 
2 S^** -So c (0^: 5 i/ r ±r a>ai** 2 tc^f 

[ 0 0 0 5 ] ^ra>»*A2K:»T*1wi^ffTT& 

^~ V t ^ a > a - * 7 (C J: •) *C OttiSi2 <D&e 

lis c * r iiast* or sant^ 2 wnnB^wtii $ 
[ 0 0 0 6 ] 4 9 or v w±<Dffig£ h ;t 1 coMfr 

fflttHr'*«SWK?f h >4 JUrtH 1 a ©SaJSft* 
<ffi3|W>»2©8f6> «£*©SF2©fti|SJi, H6«:*^ 
■b>*8a-8d**0#l»r^*, cn6tet«7 

•^K(oa y ^ n 1 «:»i^fc*>cE>i4-7rc^« 
[ 0 0 0 7lc (ox 9 * fSssr *n«. h > * 1 



http://vmw4apdl.ncipi.gojp/tjcontenttmsipd 12/28/2005 



Page 1 of 1 



\3j 



jfco . COftlT-O 9 COMMRCS^mHM 1 3 * 
[ 0 0 0 8 ] C<Z>1 ^ frmS&Cfc^C . SaffiiHS 1 

1 a 

[ 0 0 0 9 ] 
J:$£BSIEa***o 

< i > .bias i otfSffiri*. mmmi h >* ji i <p« 



10 



a. «MH»*e**K 

{ 2 > X, ±E* 2 ^a»t?tt, Y > * Jl> ! * 

& 1 = sw [cos "■ (1000/1000.1 ) ] x 1000.1 
= 14. 14 

[ 0 0 12] *?SWW % ±»aaJB«r«?» , S'&C t^ffi* 30 
[0 0 13] 

[ jBftr * tcm>^n ] < » i «*a ) * aw k 

<&*»s*^T*sttKfcc*r, <a> wo^-to 

Wn^-^*7 7^><-2 1 < !; > 29?HtaH 40 

1 3 t s mm&fty r 2 0 w«t «k < b > sria 

^itj> cc v >**f*Hti afc»^r(»8ft**liM>-- 
^'<-2 lfiXIAiSMMWIl 3<MHtt, 

50 



4«W 1 1-287650 

4 

*li. Srtfc^tt^SWfc^T b>*8a-8d. 

[ 0 0 1 0 ] CODJ: 3fC»gM>ttTO£7 t b > 
^8 a -8 a. "^S^m^il/t, tt^3t* 
7 7 ^<-b>t8a -8 d, 1 *«D*7 T 

* / < - 9 r^t^wrajtr £-c<tt- s tree * 4 

fc>tf8 a - 8 d. -«7r Jf-fr-TWlE) 
l»M**<a4 0 

to*. H 9 KSf *7 t 9 Oa cBTOz 

2 m S $ t? 0 - 2 m mSft© h > * *ftSk 1 a 
tettTCS4#. y*i« ( h^*^rtM«bB4») , x 

[001 upii^i^ asicftrjj^ttrjfe^T^^-a 

£3 2 arc* -7 ft: b©*, ^ > * ^fila 0>Sf^ 
K«fc0.=W1^T&£a. d % cOttawjt^T^M 
-9««*^. 2 in 4-0. £mm(C^4^. ^7 
t ^ 9 04m>= b ^ d ^ 1 < l) d 

Its 



( 1 > 



[ 0 0 14] 

SB. H 3 tt. *»«IBE<C*^< 7u7 t ^ A'-cr#® 
<D 1 fltSWB. S4 tt. 1 

it. 11 1 tCTfcrx 0 «c, h>4 ,'Urt£s 1 a (cffiB^dk 

^ / < -V> n , i S»Tpg«9B 1 3 DHtt, «RSC*7 t 

[0016] ^^mmmcmhitv r<o<-me>m 

2*/«=5*; 1*=S£*C!>«K*7t^<-02 

[ 0 0 17] CCDBS, ^-^1**7 7 Y^-<Ofi(f*S 
Rtt. *7t ^^<-0>ftCfKJ:4^BlftfeWB*ftC' 



http://www4.ipdl.ncipi.go.jp/tjcontenttms.ipdl?N0000=21&N0400^m 12/28/2005 



Page 1 of 1 



it. *ti^-:n3n«li =»4 0 0mm4U COK 

JU-*EH«L» = *>4 0 0mmX5=S2 0 0 Omm 
= W2in, 

[0 0 18] H3I*> JJ2ratca^<^-7"ttCC*7 
r tBffUfcWC. BBtt«>«16 ! 0 0±K*7 
7^<-9&?aM^<./CC>£ 0 TOt's >Of$igL M 

[ 0 0 19] 04 It, MX^T * & - y'tixoft? 

T^'<-2ii. refcwaeafc? 7 ^ 2 o urn 

[ 0 0 2 0 ] KB* 2 m© 0 - 0 8 m m<D| list 0 gKft 

</c. aa&c[>*«3?*7 7^^-2 0«, o. 0 4 %<o 

T^<-2lil 0. 2 0«oa*dSflHyjT?*>9. 255 

[ o 021] v±<j>c t £09 o>jCx i ( i) d m<o%2 > 

ai = i 4. 1 4mmt?**4>Kttb'C. -*JfeW©^- 
^K*7r^^<-Olft*Dft*^l =W2. 8 3 mint? 

* *U& a*©*BW*5 7 <Y > *-<P**j 1 / 5 <0K4 ? 
[ 0 0 2 2 ] *7 7 << ><- 9<om&B:nft ! , £40 0 
-9*) 4 0*C«»l/feBWB-2mt. 0- 0 8mm?l 



(4) WMM 1-287 650 

5 

* mWlraMM**^. ^IMgl, £252 0 0 in 
mil, #r7 7<Y^~-W!S8c£4. 5 (*7y^'<-9 

4 0. 68 «©aBft*ntB2re*> 0 , t«*0«BBC*7 7 

[ 0 0 2 4 ] 7 <f ><- 9«>«tiBHft 1 ■ 7 

H2*«CUt:llffUrc^^ttft7T^/<-2 1 
-Sr. 01<£J:$Kh>*^HSIl afc. BmXttKlO 
10 mBH?. ttsr«J:^£B€?&. 

[ 0 0 2 5 ] B 1 . 2 jmfMB 1 3 £ 

2 1 «BB?«. 

[ 0 0 2 6] tigsamtHB 1 34>6Att¥ A 
= < ) t?*«ME*tWS£ U > * X < 

*«B«t»r * c t cc J: 9 , a tobmwjh* 

[00271 02 KtS^-:/1*#7 Oft 
tf^BRtt, *fi£BiBJfetBC*tti»J;^«:3 Ommfil 

^ BS©ffi#?5St«^*^****U>S*tt. £?8 
dB (^'t>Aig2 0 n£4ac>r, 22m<r8?cccifaJ> 

[0 02 8] 3*4>Htt'Ca i 
*B30RtW2 0 0Ht?©ej8il|jtefl9!J 0. OdB 
{BOBAttl/) 



-*B*±0. 3 6%<P£fc&aj^T>*9, SE^VMA 30 *S2 5 RT«>2 0 0@t'^R*i^- 0. 8dB 
#7 7 ^/<--*K©tt9fa<C'jaR*ft»'^C 

[ 0 0 2 3 ] * tdty 7 -/ 9 ovtiEHft 1 t ml, 

#7 7 ^^'-C'SW'tc J; 4***ac Stt C**B3 0 111* 

^flRfc* 



*a 2 0 r x<o 2 0 0 mzv&asmfcvm - 2 . 0 d b 

[ 0 0 2 9] 

-2. 5dB/km, 
-2. OdB/iB, 
-2. 0dB/<!> 
« [0 03 0] lPlliur. 



2 5 mar 

*7TY^-^»14*-7TaB«li I* 20 0mm = 0. 2m. 



2 0 0 in 



Lb. 



0 0 0m. <2 0 0mx5> 
2^. 
1 



2. 0 dB (5 0 00) 
0- 025 dB 
0. 2 dB 
2. 0 dB 



http://www4.ipdlncipi.go.jp/tjcontenttms.ipdl?N0000=2 1 &N0400=image/gif&N040 1 =/.. . 1 2/28/2005 



Page 1 of 1 



7 

m &*)^ imv>m.m,nv r 4 > <-ism>m & flue 

[ 0 0 3 1] $tc, B«B»4>«tt.«U-^EB* 1 * <± 
[ 0 0 3 2] 

[Hi] i oXtt^ttecK^ h 20 

[02 ] 1 ©*«S^BttCpfe**7 t 

[B4] 1 OStoMKfti.'^^S 

[B5 3 a*©* l ct)«aii*5WB, * 

[HI] 



«W¥ 1 1 -287 650 

-4- 2 dB 

[He] se*©3P2o*r*«:^B < 1 > 0 
in? ] $^M2<j>m&rt?m < s> o 
nasi tamEtiom 3 cokns ^s^h < 1 > . 
[09] ffibsows^ottasisra <2> ♦ 

[^#<D^«] 

1 --Y>A^ 
la---t>**|*tt 

2 -mm~ 

3 -"T4i>jt*V5»* h 

1 0 -27 

1 1 U ? h 

2 1-^7M7T^'<- 



[07] 




http://ww4.ipdl.ncipi.gojp/tjcontenttms.ipdl?N0000=21&N^ 12/28/2005 



Page 1 of 1 



ft®*- 1 1 -287 650 



[02] [B3] 




<XG2 0.04 0.06 0.08 



*l?3§Ua (nun) — ~ [08] 



10 I 



[06] 




S3*»W59 



la I 




http://www4jpdl.ncipi.gojp/tjcontenttrm.ipdl7N00 12/28/2005 



■♦I • », 



Page 1 of 1 



4$B3¥ 1 1 -287 650 



[B93 




http://v™4.ipdl.ncipi.go.jp/tjcontenttrns.ipdl?N0000=21&N0400=image/gif&N0401=/... 12/28/2005 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



